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Abstract: [Background] Lactobacillus plantarum widely exists in many ecological environments, such as
plants, dairy products, meat products and the intestines of mammals and insects. [Objective] To explore the
potentia link between genetic variability and environmental origin of L. plantarum isolates. [M ethods] The
genetic diversity and functional genome of 126 L. plantarum strains isolated from plants, dairy products,
meat products, drosophila, mammals gut as well as mammals ora cavity and other locations, were
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deciphered by comparative genomic analysis to understand the genetic relationship and evolutionary history.
[Results] The genomic size and number of coding genes of L. plantarum isolated from drosophila
were significantly higher than those isolated from plants, mammals gut, meat products and dairy
products (P<0.05), but there was no significant difference among plants, mammals gut, mammals oral cavity
and other locations as well as meat products isolates. Both phylogenetic trees constructed based on single
copy genes and core genes showed that drosophila isolates and dairy products isolates are clustered in a
branch, respectively. while other isolates were evenly distributed into each branch. The results based on
accessory genes anaysis were consistent with the results based on the phylogenetic tree analysis. The
anaysis of functional genome showed that habitat-specific genes of drosophilaisolates were involved in the
metabolism of fructooligosaccharides and chitin, habitat-specific genes of dairy products isolates were
involved in mazEF toxin-antitoxin system and CRISPR system. [Conclusion] L. plantarum strains isolated
from drosophila and dairy products may have undergone adaptive evolution in order to adapt to the unique
habitat. These results provided a new insight for the adaptive evolution and provided theoretical basis for

anayzing the evolution process of L. plantarum.

Keywords: Lactobacillus plantarum, Habitat, Population genetics
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Tablel Listof thel. plantarum strainsanalyzed in thisstudy

[Z173 SR iR EEEAKRA  (G+C)mol% L P GenBank % 5¢-5

Strain Habitat CDSs Size (kb) (%) Genome Scaffolds ~ GenBank accession No.
JDM1 Plant 2904 3197.8 4.7 Complete genome 1 CP001617.1
ST-111 Plant 3020 3307.9 445 Complete genome 1 CP002222.1
16 Plant 3076 3361.0 443 Complete genome 1 CP006033.1
52 Plant 2991 3237.7 4.7 Complete genome 1 CP009236.1
252058 Plant 2916 31983 4.7 Complete genome 1 CP012343.1
CAUH2 Plant 3010 32746 445 Complete genome 1 CP015126.1
DSM.16365 Plant 3042 3350.3 44.9 Complete genome 1 CP032751.1
NC8 Plant 2942 3207.2 44.6 Draft 10 AGRI00000000.1
NCU116 Plant 3066 3354.7 444 Complete genome 1 CP016071.1
Nizo1839 Plant 2902 3197.0 451 Draft 72 LUWB00000000.1
Niz02262 Plant 2964 3220.0 445 Draft 33 L UWJ00000000.1
Niz02263 Plant 3042 3259.3 445 Draft 40 L UWK00000000.1
Niz02264 Plant 23819 3087.3 453 Draft 32 L UWL 00000000.1
Niz02726 Plant 2913 31794 44.6 Draft 30 L UWS00000000.1
Nizo2741 Plant 3090 33465 443 Draft 49 LUWT00000000.1
Nizo2753 Plant 2 847 31285 44.6 Draft 56 LUWU00000000.1
Nizo2766 Plant 2905 3169.1 44.4 Draft 90 L UWW00000000.1
Nizo2801 Plant 2974 3248.0 4.4 Draft 78 LUWY 00000000.1
Niz02806 Plant 2932 31888 44.6 Draft 39 LUXA00000000.1
Nizo2831 Plant 2962 32321 445 Draft 31 LUXD00000000.1
Niz02891 Plant 3205 3469.2 4.1 Draft 78 L UXG00000000.1
Nizo389%4 Plant 3032 3296.1 445 Draft 52 LUXK00000000.1
LY-78 Plant 2835 3128.8 448 Complete genome 1 CP015308.1
LP2 Plant 3011 3284.6 445 Complete genome 1 CP020816.1
KC3 Plant 3026 3330.0 44.6 Complete genome 1 CP025586.1
DSR M2 Plant 2991 3250.8 44.6 Complete genome 1 CP022294.1
IDCC3501 Plant 2976 32427 445 Complete genome 1 CP027349.1
ATG-K6 Plant 2999 32625 445 Complete genome 1 CP032464.1
RI-139 Plant 3104 33281 44.3 Draft 78 MK DS00000000.1
RI-123 Plant 3094 33233 44.3 Draft 60 MKDQO00000000.1
RI-140 Plant 3089 33126 44.3 Draft 85 MKDT00000000.1
NF92 Plant 3066 33728 44.4 Draft 77 RDQI00000000.1
43 Plant 3043 33204 44.3 Draft 105 AYTU00000000.1
CGMCC1.2437 Plant 2962 32123 445 Draft 48 AZEJ00000000.1
FMNPO1 Plant 3017 33136 445 Draft 4 JPSU00000000.1
IPLA88 Plant 3001 32541 444 Draft 208 ASJE00000000.1
JBE245 Plant 2993 32626 445 Complete genome 1 CP014780.1
Lp90 Plant 3065 33241 44.3 Draft 33 JIBX00000000.1
Niz01840 Plant 2 846 3204.4 44.9 Draft 189 LUWCO00000000.1
19.1 Drosophila 35% 3651.1 439 Draft 42 LUXMO00000000.1

(15E)
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(& 1)
NAB2 Drosophila 3595 3550.8 44.1 Draft 44 L UXO00000000.1
NAB1 Drosophila 3494 3454.7 44.2 Draft 44 L UXNO00000000.1
CNW10 Drosophila 2945 3194.7 445 Draft 83 L UWNO00000000.1
ER Drosophila 3074 34528 44.3 Draft 37 LUXL00000000.1
DmCS _001 Drosophila 2945 3194.7 445 Draft 83 JOJT00000000.1
BDGP2 Drosophila 3297 3581.6 4.2 Complete genome 1 CP023174.1
WJaL1 Drosophila 3246 3503.1 44.2 Draft 102 AUTE00000000.1
WJIL2 Drosophila 3229 34775 44.2 Draft 13 LKLZ00000000.1
WCFS1 Mammals 3063 33486 445 Complete genome 1 AL935263.2
CMPG5300 Mammals 3233 3507.8 44.2 Draft 7 CM002918.1
Niz02258 Mammals 2874 31313 444 Draft 142 L UWG00000000.1
Niz02259 Mammals 3177 34306 44.3 Draft 109 L UWH00000000.1
Nizo3892 Mammals 3055 33249 444 Draft 45 L UX100000000.1
NRCC1 Mammals 2694 29951 44.9 Draft 134 LUSM00000000.1
AG30 Mammals 3068 34429 443 Draft 48 JHWA 00000000.1
Lp1610 Mammals 3070 3298.7 44.4 Draft 27 LDEL00000000.1
Lp1612 Mammals 2979 32405 44.4 Draft 25 L DEM00000000.1
23316 Gut 2972 3299.8 444 Complete genome 1 CP004082.1
HFC8 Gut 3065 3405.7 44.3 Complete genome 1 CP012650.1
LZ95 Gut 3026 33225 445 Complete genome 1 CP012122.1
43 3 Gut 3039 32945 44.4 Draft 171 LOMHO00000000.1
LP91 Gut 2671 2925.6 45.1 Draft 145 AXDQ00000000.1
90sk Gut 3058 33715 44.3 Draft 47 JXAX00000000.1
CIP104448 Gut 2938 3237.3 44.4 Draft 178 JSUW00000000.1
TIFN101 Gut 23801 30794 445 Draft 174 JSUX00000000.1
E2C2 Gut 3361 3603.6 44.0 Draft 121 L SST00000000.1
E2C5 Gut 3370 3615.2 44.0 Draft 121 LTCD00000000.1
Niz02256 Gut 2753 2997.7 44.6 Draft 87 L UWE00000000.1
Nizo1838 Gut 2787 3034.1 445 Draft 100 L UWA00000000.1
Nizo3893 Gut 3020 33428 44.3 Draft 239 L UXJ00000000.1
Niz02257 Gut 2878 3156.7 44.4 Draft 145 L UWF00000000.1
Nizo1837 Gut 3058 3309.7 44.4 Draft 48 LTAU00000000.1
Niz02260 Gut 3058 3310.2 44.4 Draft 42 L UWI00000000.1
TL2766 Gut 3037 33037 44.4 Draft 33 LZXZ00000000.1
SNU.Lp177 Gut 2931 32048 45.0 Draft 101 LGIM00000000.1
8RA_3 Gut 3040 33019 444 Draft 18 L BDF00000000.1
EBKLp545 Gut 3012 33065 44.3 Draft 138 PZPN00000000.1
MPL16 Gut 2937 32785 436 Draft 166 LUHNO00000000.1
plantarum Gut 2939 3246.6 44.6 Complete genome 1 CP021086.1
B21 Meat products 3039 3310.7 4.4 Complete genome 1 CP010528.1
MF1298 Meat products 3272 3576.4 4.2 Complete genome 1 CP013149.1
RI-113 Meat products 3183 3463.0 443 Complete genome 1 CP017406.1
TMW1.25 Meat products 3054 3351.9 443 Complete genome 1 CP017354.1
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TMW1.708 Meat products 2928 32465 445 Complete genome 1 CP017374.1
LPL-1 Meat products 2917 3200.6 44.6 Complete genome 1 CP021997.1
Nizo2877 Meat products 2979 32318 445 Draft 2 LKHZ00000000.1
Niz02484 Meat products 3141 3386.1 44.2 Draft 70 L UWO00000000.1
Niz02485 Meat products 3107 33486 443 Draft 62 L UWP00000000.1
Niz02494 Meat products 3032 33032 445 Draft 57 L UWQ00000000.1
Niz02855 Meat products 2979 32231 445 Draft 37 LUXE00000000.1
Niz02457 Meat products 3064 33391 44.4 Draft 73 LUWMO00000000.1
RI-422 Meat products 3095 3327.0 44.3 Draft 55 MKDK00000000.1
A6 Meat products 3084 3368.6 44.3 Draft 66 LRUOO00000000.1
Lp820 Meat products 2963 31955 445 Draft a4 NQNI00000000.1
CRL681 Meat products 3126 3370.2 44.3 Draft 28 QOSF00000000.1
RI-408 Meat products 2810 30735 44.6 Draft 123 MKDHO00000000.1
RI-393 Meat products 3087 33253 44.3 Draft 74 MKDB00000000.1
19L.3 Dairy products 3115 3289.3 4.4 Draft 241 AWTS00000000.1
2165 Dairy products 3108 3180.0 445 Draft 192 AV F100000000.1
2025 Dairy products 2820 33343 44.4 Draft 164 AV FJ00000000.2
CRL1506 Dairy products 2 966 32281 44.6 Draft 14 LNCP00000000.1
LZ206 Dairy products 2891 3263.7 445 Complete genome CP015966.1
Lz227 Dairy products 3082 34253 443 Complete genome CP015857.1
Niz02029 Dairy products 2 996 3243.0 445 Draft 96 LUWDO00000000.1
Nizo2776 Dairy products 2767 31246 445 Draft 190 L UWX00000000.1
Niz02802 Dairy products 3094 33725 444 Draft 89 L UWZ00000000.1
UCMA3037 Dairy products 2836 31083 445 Draft 68 APHP00000000.1
Nizo3400 Dairy products 2914 32674 444 Draft 154 L UXH00000000.1
NL42 Dairy products 3051 33531 444 Draft 52 JZSB00000000.1
IMAU20970 Dairy products 3137 33417 447 Draft 251 RCDK 00000000
IMAU80873 Dairy products 3036 31938 445 Draft 157 RCDJ0O00000000
P-8 Dairy products 2939 3 246.6 44.6 Complete genome 1 CP005942.2
CCFM605 Dairy products 3102 3314.6 44.4 Draft 55 QPQR00000000.1
CGMCC12436 Dairy products 3010 3259.9 445 Draft 53 QPQS00000000.1
10CH Dairy products 3013 3311.1 445 Complete genome 1 CP023728.1
RI-191 Dairy products 2978 3256.7 44.4 Draft 72 MKDA00000000.1
RI-086 Dairy products 2826 3084.7 44.6 Draft 90 MK DP00000000.1
Lp998 Dairy products 3014 3274.1 445 Draft 112 FMBQO00000000.1
1 Dairy products 3023 3287.1 444 Draft 41 FKLQ00000000.1
TJA26B Dairy products 3019 32435 445 Draft 122 QXEU00000000.1
D13 Dairy products 3080 33433 44.4 Draft 58 NI1GG00000000.1
RI-048 Dairy products 2940 3185.1 445 Draft 94 MJHG00000000.1
RI-029 Dairy products 2884 31238 44.6 Draft 113 MJHEO0000000.1
JMCCO0013 Dairy products 3028 32924 44.3 Draft 83 PEK100000000.1
WLPL0O4 Dairy products 2881 3141.6 4.7 Complete genome 1 CP023771.1
LL441 Dairy products 2773 31246 445 Draft 170 LWKNO00000000.1
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Figurel Genomicsize(A)and number of predicted genes (B) of L. plantarum stainsisolated from different environments
e INEFRSEEARRE, FoRUlaa 255 (P<0.05), AMHFE/NEFREE, FRr4lmIoE R 8% (P>0.05).

Note: The lowercase letters were completely different indicates significant differences (P<0.05) among groups, the same lowercase letters
indicated that there was no significant difference (P>0.05) among groups.
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Figure3 Phylogenetic tree constructed based on the core genes of L. plantarum strains
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Figure 6 Annotation of L. plantarum strains based on
COG database

i LALEFOREITREBEICFESZ, MR FE
/b %2 P<0.05, **: P<0.01. COG MfEZ: A: RNA JI T/
i RNA; B: @S5S %% ; C: BefA "M%t D:
NI, AR, P iRsre; B ARSI
W P TR G BoKIb ARSI H:
WA | DRRUEEE R 3 BHIE, BEIALE R
MG Ke Bt L &, EAMBRE; M. dijfeE
YIRS A A N A sh; O: BB,
BT, R P HLETRASFH Q: W™
BIEYIE IR, FHEfr; R —MBIIBEm; S: DIBERA!
T: FESIH; U: NS, SmAILish; V. Bl
Pl W JSNEERY; Y. dINEREEY; Z: AfE SR,

Note: Red indicates groups with more genes than average valuesin
each row, whereas blue indicates those with less. Significance was
denoted by * and ** for P<0.05 and P<0.01. COG function
category: A: Processing and modification; B: Chromatin structure
and dynamics; C: Energy production and conversion; D: Cell cycle
control, cell division, chromosome partitioning; E: Amino acid
transport and metabolism; F: Nucleotide transport and metabolism;
G: Carbohydrate transport and metabolism; H: Coenzyme transport
and metabolism; |: Lipid transport and metabolism; J. Trandation,
ribosomal structure and biogenesis; K: Transcription; L:
Replication, recombination and repair; M: Cel wal/
membrane/envel ope biogensi; N: Cell motility; O: Posttrand ational
modification, protein turnover, chaperones, P:. Inorganic ion
transport and metabolism; Q: Secondary netabolites biosynthesis,
transport and catabolism; R: General function prediction only; S:
Function unknown; T: Signa transduction mechanisms;, U:
Intracellular trafficking, secretion, and vesicular transport; V:
Defense mechanisms; W: Extracellular structures; Y: Nuclear
structure; Z: Cytoskeleton.
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Figure7 Annotation of L. plantarum strains based on RAST database
TE: ZLOFORE—ATIIERE FEZ, il AR D, <. P<0.05, **: P<0.01, ***: P<0.001.
Note: Red indicates groups with more genes than average values in each row, whereas blue indicates those with less. Significance was

denoted by *, ** and *** for P<0.05, P<0.01 and P<0.001.
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Table2 Identification of habitat-specific genes

mazF 5 mazEF HE-BIHRRGA K, L IER
SeEIEH S CRISPR RGA Ko X EEILR I 671 57 7
MoK DNA FIALR, fnmgpiA e gLkl s s
TR, W2 ARG, e,
AT AL T Z R AR s R AR,
A R 5T 2 18 FLER B AT A AR A E A W R AR Y
HMIE DNA i Betl B A AR i A K fnse 4, i
FE ) LA TR 12 T BE L R (%) 7 7E 7T B o A A AR
LA ERIE v A A4

FEDIE > BERR ) 4 AR SR L N 2 5 i
A AN MR A . o Ak 1 IRBE e R
PS5 2 BRI . Rl s S5y
Bk 2 DI S R 0 1) 2 5 R W e N 1R
. WFLSPIAIE S B AR 3 AR S B
433125 NAD #l NADP H#iBh [N 74 . FUbH
FHEEEACH . SR, AN 43 B8 PR B ik P ) 38
B SR N SRR AR IR R i AN AE, IR TR L
—HIRAMNSE

Iy EIR 28 KSR e |
Habitat Number of habitat-specific genes

FEIEHA IR
Major gene function

Plant 4

N-acetylneuraminate lyase (EC 4.1.3.3)

Predicted siaic acid transporter
Alpha-L-Rha alpha-1,3-L -rhamnosyltransferase
Alpha-L-Rha alpha-1,3-L-rhamnosyltransferase (EC 2.4.1.-)

Drosophila 34

Fructose-1,6-bisphosphatase (EC 3.1.3.11)

Chitinase (EC 3.2.1.14)

Multiple sugar ABC transporter, ATP-binding protein
Beta-glucosidase (EC 3.2.1.21)

Multiple sugar ABC transporter, substrate-binding protein
Glucan 1,6-alpha-glucosidase (EC 3.2.1.70)

Transcriptional regulator of rhamnose utilization, AraC family

Mammals 2

Enoyl-[acyl-carrier-protein] reductase [NADPH] (EC 1.3.1.10)

Prephenate dehydratase (EC 4.2.1.51)

Gut 3

Quinolinate phosphoribosyltransferase (EC 2.4.2.19)

D-L actate dehydrogenase (EC 1.1.2.5)
PTS system, mannitol-specific 1A component (EC 2.7.1.69)

Meat products 1
Dairy products 7

Glycolate dehydrogenase (EC 1.1.99.14)
Programmed cell death toxin Y dcE,

Programmed cell death toxin MazF,

Programmed cell death antitoxin MazE

Para-aminobenzoate synthase, amidotransferase component (EC 2.6.1.85)
CRISPR-associated protein Cas2
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